Background: Primary carcinoid tumor arising within mature teratoma of the kidney is extremely rare, and their clinicopathologic features are not well described. Our objective was to further define the clinical features and pathologic spectra of primary carcinoid tumor arising within mature teratoma of the kidney.
Background
Primary carcinoid tumor and mature teratoma involving the kidneys are rare. The two entities existing simultaneously in the same kidney are exceptionally unique and extremely rare. Only 6 cases of primary carcinoid tumor arising in a mature teratoma of the kidney have been reported in the world medical literature to date [1] [2] [3] [4] [5] [6] , since the association was first described in 1976 by Kojiro et al [2] . Although carcinoid tumors are found most commonly in the gastrointestinal tract, they are also found in the respiratory, hepatobiliary, and genitourinary systems. Approximately 60 cases of primary renal carcinoid tumor have appeared in the international medical literature [7, 8] , and 10 of these cases occurred in a horseshoe kidney [7] . Primary carcinoid tumor arising in a mature teratoma of the kidney is over-represented in patients with horseshoe kidney and other congenital developmental renal defects [1, 3] . The clinical and pathologic features of primary carcinoid tumor arising in a mature teratoma of the kidney are not well described, and with the rarity of these cases, a diagnosis may be extremely difficult to render, particularly on limited biopsy material. Additionally, little information exists about its histogenesis, natural history, biologic behavior and prognosis due to its rarity. In this article we review the clinical and pathologic features of primary carcinoid tumor arising in a mature teratoma of the kidney, focusing on the histologic spectrum of these tumors. We include a case retrieved from the electronic medical archival records of our institution (described in the tables as "current case") that has not been published previously.
Methods
Six prior case reports of primary carcinoid tumors arising within mature teratoma of the kidney were found in a MEDLINE search. Additionally, the computerized medical archival records of the University of Pittsburgh Medical Center (1986 to present) was searched and 1 additional unreported case of primary carcinoid tumor arising within mature teratoma of the kidney was found. Formalin-fixed, paraffin-embedded tissue sections and the following immunohistochemical stains from this case were reviewed: Synaptophysin (1:100 
Results

Clinical features
Clinical characteristics of the 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney are summarized in Table 1 [1] [2] [3] [4] [5] [6] . Primary carcinoid tumor arising within mature teratoma of the kidney occurred in both the young and the old (range, 23 to 65 years; mean age, 41.4 years), but the majority of cases (85.7%, 6/7) presented in the fourth to seventh decades. Of the 7 cases, there was no gender predilection with 3 being male and 4 being female. Two of the 7 cases (28.6%) were associated with horseshoe kidney. Four of the 7 cases (57.1%) of primary carcinoid tumor arising within mature teratoma of the kidney presented with abdominal or flank pain, 1 (14.3%) presented with fever, and 2 (28.6%) were asymptomatic. None of the 7 cases presented with signs and symptoms of carcinoid syndrome. Five of the 7 cases (71.4%) evaluated by computerized tomography (CT) revealed well-circumscribed partly calcified Bosniak II-III lesions with minimal contrast enhancement.
Pathologic features
Gross, microscopic, and immunohistochemical features of the 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney are summarized in Table  2 [1] [2] [3] [4] [5] [6] . 
Gross findings
The size of the tumors in the 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney ranged from 1 to 17 cm in greatest dimension (mean, 4.4 cm). Of the 7 cases, there was a right-sided predominance with 5 tumors involving the right kidney and 2 tumors involving the left kidney. The tumors were most commonly found in the middle and lower poles of the kidney. On gross examination, most of the tumors revealed circumscribed complex solid and cystic lesions with areas of calcification ( Figure 1 ). cases was underneath and closely apposed to the epithelial lining of the teratomatous cysts ( Figure 2C ) and invading teratomatous mature bone ( Figure 2D ).
Microscopic findings
Immunohistochemical findings
Immunohistochemical staining of the carcinoid tumor was performed in 6 of the 7 cases, but the panel used varied from case to case. Pancytokeratin was positive in all the carcinoid tumors in which it was used ( Figure 3E ) (100%; 4/4). The other immunohistochemical markers that were positive in all the carcinoid tumors in which they were used were Synaptophysin ( Figure 3C ) (100%; 3/3), Neuron specific enolase (100%; 3/3), Serotonin (100%; 2/2), CD 56 ( Figure 3D ) (100%; 1/1), Thyroxine ( Figure 3F ) (100%; 1/1), Glucagon (100%; 1/1), and Somatostatin (100%; 1/1). Chromogranin was positive in 4 out of the 5 cases (80%) in which it was used. S-100 protein was positive in 1 out of the 2 cases (50%) in which it was used. Immunohistochemical markers that were negative in all the carcinoid tumors in which they was used were Insulin (0%; 0/2), Cytokeratin 7 ( Figure 3A ) (0%; 0/ 1), Cytokeratin 20 ( Figure 3B ) (0%; 0/1), Calretinin (0%; 0/1), Calcitonin (0%; 0/1), Progesterone (0%; 0/1), Estrogen (0%; 1/1), Melan-A (0%; 1/1), Thyroid transcription factor-1 (0%; 0/1), Prostate specific antigen (0%; 0/1), Adrenocorticotropic hormone (0%; 0/1), Gastrin (0%; 0/ 1), Motilin (0%; 0/1), and Neurotensin (0%; 0/1). 
Treatment, follow-up and prognosis
Treatment and follow-up for the 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney are summarized in Table 3 [1] [2] [3] [4] [5] [6] . Surgery was the only treatment in all cases. Of the 7 cases, 5 patients had nephrectomy and 2 had partial nephrectomy, and margins were negative in all 7 cases. No additional treatment was given in any of the 7 cases. Local recurrences and metastases were absent in all 7 cases. Follow-up was available for 3 of the 7 cases. All the 3 patients with complete follow-up were alive and well as of the publication of their respective cases (mean follow-up of 5 months). Serum chromogranin and urinary 5-HIAA levels were within normal limits in our unpublished case. Additionally, postsurgery octreotide scintigraphy performed in our unpublished case was negative, hence confirming the carcinoid tumor as originating primarily in the kidney (rather than elsewhere with metastasis to the kidney) and the absence of metastases from the renal carcinoid tumor.
Discussion
Carcinoid tumors are characteristically low grade malignant tumors with neuroendocrine differentiation that have been described in several locations, including the lung, gastrointestinal tract, liver, kidney, ovary, bladder, testes and prostate [9] . Carcinoid tumors occur mostly in the gastrointestinal tract (74%) and bronchial system of the lungs (25%). In less than 1% of cases these tumors have been reported in the genitourinary system [9] . Carcinoid tumors of the kidney are among the most unusual of all renal neoplasms. Carcinoid tumors are thought to arise from enterochromaffin cells or amine precursor uptake and decarboxylation (APUD) cells, and are widely distributed throughout the body. In the urogenital tract, APUD cells have been described in the urinary bladder (especially in the region of the trigone), the prostate, the urethra, and the renal pelvis, but not in the renal parenchyma [9] [10] [11] [12] .
Primary carcinoid tumors of the kidney are rare, and primary carcinoid tumor arising within mature teratoma of the kidney is even rarer. Carcinoid tumors arising in urologic organs are rare, but have been reported in the kidney, prostate, and testes [7, 9] . Only about 60 cases of carcinoid tumor of the kidney have been reported in the international medical literature [7, 8] , including 6 cases found as components of mature teratomas [1] [2] [3] [4] [5] [6] . Although they exhibit morphologic and immunohistochemical features consistent with a hindgut neuroendocrine phenotype [13] , the precise histogenesis of renal carcinoid tumors is uncertain and is a matter of speculation. The most popular hypothesis is that primary renal
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http://www.diagnosticpathology.org/content/2/1/15 carcinoid tumor arise from multipotential primitive stem cells capable of neuroendocrine differentiation [7, 12, 14] . Although conclusive evidence for this theory is lacking at present, one renal carcinoid tumor has been shown to share some genetic aberrations with renal cell carcinomas, indicating a common genetic event in the tumorigenesis for these two entities [14] .
Abundant published evidence support the notion that renal carcinoid tumors are derived from interspersed neuroendocrine cells associated with acquired and congenital renal abnormalities [3, 4, 7, 8, 12, 13, [15] [16] [17] [18] . Cases of renal carcinoid tumor arising in association with renal teratoma and/or horseshoe kidneys lend weight to the theory that endocrine cells that comprise the carcinoid tumors may arise by divergent differentiation from a common stem cell, which also gives rise to the epithelial and mesenchymal components of the teratoma [3, 4, 18] . The relative risk of renal carcinoids in patients with horseshoe kidneys has been calculated at between 62% and 82% [13, 16] . Five of the 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney in this series had no relationship with a horseshoe kidney. Horseshoe kidneys have been proposed to be the result of teratogenic factors, which may also account for the increased risk of malignant tumors in horseshoe kidneys [1, 13, 16] . The increased incidence of carcinoid tumors in horseshoe kidneys is likely due to predisposing embryological factors or teratogenic events involving the abnormal migration of posterior nephrogenic cells, which coalesce to form the isthmus of horseshoe kidneys [16] . The primary location of all horseshoe kidney derived carcinoid tumors in the vicinity of the isthmus strongly supports this theory [16] . Carcinoid tumors occurring in renal teratomas are thought to be derived from neuroendocrine cells of the gastrointestinal and respiratory epithelium, which are components of these teratomatous lesions [4] .
With the inclusion of our current unpublished case, 7 cases of primary carcinoid tumor arising within mature teratoma of the kidney formed the basis of our analysis and subsequent comments. Epidemiologically, primary carcinoid tumor arising within mature teratoma of the kidney occurred predominantly in the fourth to seventh decades of life, except one case occurring at age 23. The 7 reviewed cases showed no sex predilection, but the 2 cases of primary carcinoid tumor arising within mature teratoma in horseshoe kidneys occurred exclusively in men, likely reflecting the higher prevalence of horseshoe kidneys in male patients [19] . Surgical resection of these tumors accompanied by lymph node dissection was the primary and only treatment employed to achieve oncological cure in all the 7 cases herein reviewed.
The most common clinical finding in the 7 reviewed cases was abdominal or flank pain. However, about 28.6% of patients with primary carcinoid tumors arising within mature teratoma of the kidney were asymptomatic at the time of discovery, most probably due to their slow growth and hence often remaining clinically silent for many years before manifesting symptomatically. Clinically apparent carcinoid syndrome was absent in all the 7 reviewed cases, likely reflecting their hindgut origin [13] and the breakdown of their secreted biologically active hormones in the liver before reaching the systemic arterial circulation. The most common (71.4%) radiological feature of in the 7 reviewed cases was calcification. Although the renal lesions may be heterogeneous on CT, the typical imaging characteristic was complex cystic Bosniak II-III lesion with focal calcification and minimal enhancement on contrast enhanced CT.
The predominant histological architectural pattern of primary carcinoid tumor arising within mature teratoma of the kidney was trabecular or ribbon-like arrangement admixed with solid nests with peripheral palisading, focal rosette-like areas and rare mitotic events. Cytologically, the nuclei were uniformly round with "salt-and-pepper" chromatin pattern. Although these histological features are typical of carcinoid tumors and may assist with diagnosis, they give the lesion a pseudopapillary appearance, which may lead to misdiagnosis [20] . In a recent review of renal carcinoid tumors, the histopathological diagnosis was initially mistaken in 14.5% of reported cases [7] , probably because of limited awareness about this pathological condition and the absence of carcinoid syndrome clinically.
Immunohistochemically, synaptophysin, chromogranin and neuron specific enolase were the most valuable markers for the diagnosis of primary carcinoid tumor arising within mature teratoma of the kidney.
The 7 reviewed cases were usually diagnosed as large masses (mean size of 4.4 cm) because of the slow growth pattern of renal carcinoid tumors in the retroperitoneum, which is a highly distensible potential space. Despite the absence of follow-up data for some of the cases, the biologic behavior and prognosis of primary carcinoid tumor arising within mature teratoma of the kidney appeared excellent. None of the 7 patients had local recurrences or metastases, though follow-up was incomplete for 4 cases. The remaining 3 patients with complete follow-up were alive and well at the time of their respective publications (mean follow-up of 5 months). Hence, although definitive conclusions cannot be drawn from such a small set of patients without long term 5-year follow-up, the ultimate biologic behavior of primary carcinoid tumor arising within mature teratoma of the kidney may be excellent, and may be much better than that for carcinoid tumors elsewhere [9] . Interestingly, 1 previous report indicated that carcinoid tumors associated with horseshoe kidneys were apparently associated with a more benign course [16] . However, a recent review of renal carcinoid tumors revealed that neither renal teratoma nor horseshoe kidneys derived carcinoid tumors were associated with a better prognosis than carcinoid tumors originating in normal kidneys [7] . Furthermore, this recent review reported the presence of metastases in 45.6% of patients at initial diagnosis [7] .
Conclusion
Primary carcinoid tumor arising within mature teratoma of the kidney is a rare tumor that typically presents with abdominal or flank pain without carcinoid syndrome. It was associated with horseshoe kidneys, and hence the presence of horseshoe kidney on radiographic evaluation should lead to further careful investigation. Additionally, when a renal carcinoid tumor arising in mature teratoma is diagnosed, a search should be performed for a possible primary elsewhere. Although follow-up was lacking in some of the cases herein reviewed, primary carcinoid tumor arising within mature teratoma of the kidney was not associated with local recurrence and metastasis, was surgically curable, and had a rather favorable prognosis.
